We study and analyse low-resolution spectra of the unordinary late WN star FSZ35 in M33. We classify the object as a hydrogen-rich WN8 star. Using the radiative transfer code CMFGEN, we determine the physical parameters of this object and compare them to the parameters of other WN8 stars including the LBV star Romano's star during the minimum of brightness. Unlike Romano's star, the object is fairly stable both spectrally and photometrically, that may be attributed to its more advanced evolutionary stage or lower luminosity. FSZ35 is shown to possess a compact nebula producing faint but detectable [O III] emission. Location of this object at a large distance (∼ 100pc) from the nearest association suggests the object may be one more example of a massive runaway star.
INTRODUCTION
Since middle 1990s, radiation transfer codes designed for modeling extended expanding atmospheres became a reliable instrument for studying hot stars with high mass-loss rates. These codes make it possible to calculate the atmospheres of outstanding objects like O-supergiants, WolfRayet (WR) stars and even Luminous Blue Variables (LBV). In particular, the CMFGEN (Hillier & Miller 1998) code was used to model the spectra of η Car (Groh et al. 2010) , AG Car (Groh et al. 2009 ) and AFGL2298 (Clark et al. 2009 ). CMFGEN and PoWR (Hamann & Gräfener 2003) were used to determine the properties of the majority of the Galactic nitrogen-rich Wolf-Rayet (WN) stars Hamann et al. 2006) including WN stars near the Galactic center (Martins et al. 2007; Hamann et al. 2010) .
High-luminosity stars are rare objects, and their studies in our Galaxy are complicated by dust absorption, crowded stellar fields and unknown distances. Therefore, it is important, and sometimes more convenient, to study massive stars in nearby galaxies. Studying WR stars that are probable progenitors of Type Ibc Supernovae and gamma-ray bursts is of especial importance (see review by Crowther (2006) and references therein). It is even more difficult to determine the distances toward Galactic WN8 stars because they can not be associated with clusters or associations (Crowther et al. 1995b; Marchenko et al. 1998) . One possible scenario proposed to explain the apparently enigmatic characteristics of WN8 stars is that they are runaways, either ejected ⋆ E-mail: olga.maryeva@gmail.com via dynamical interaction from the cores of forming dense star clusters (e.g. Evans et al. (2010) ), or accelerated by a slingshot-type mechanism during the supernova explosion of the initial primary component in a binary system (De Donder et al. 1997) .
The comprehensive catalogue of Massey & Johnson (1998) lists in total 117 nitrogen-rich Wolf-Rayet stars in M33 (including WN candidates). But models of atmospheres are constructed for only few objects. Parameters of the atmospheres of MCA1-B and B517 were determined with the iterative technique of Hillier (1990) (precursor of CM-FGEN) in Smith et al. (1995) and , respectively. Using the WM-BASIC code (Pauldrach et al. 2001) , Bianchi et al. (2004) used the ultraviolet spectra of six known late WN (WNL) stars in M33 to estimate their fundamental parameters: wind terminal velocities, luminosities, effective temperatures, radii, mass-loss rates and C/N abundance ratios. In the current work, we use the CMF-GEN code (Hillier & Miller 1998) Ivanov et al. were the first to obtain photometrical data for this object (IFM-B 174, in their notation) in the U, B, and V bands and publish an identifica- tion chart for it (Ivanov et al. 1993 ). The star is listed in the Hα emission-line object catalogue (Fabrika, Sholukhova & Zakharova 1997) as object number 35. In 1998, Massey & Johnson published a list of 22 Wolf-Rayet stars selected by photometry in three non-standard filters: WN (λ4686), WC (λ4650) and CT (λ4752, continuum). Identification was then confirmed spectroscopically (Massey & Johnson 1998) . In this work, the star is listed as object E1 and is classified as a Wolf-Rayet star of nitrogen sequence, WN8 subtype. Sholukhova et al. (1999) note similarity between the spectra of FSZ35 and V532 (Romano's star). The latter is a better studied object located in the outer spiral arm of M33 at a distance of about 17 ′ from the centre. V532 is universally recognized as an LBV star. It demonstrates pronounced photometrical and spectral variability (Kurtev et al. 2001; Polcaro et al. 2003; Maryeva & Abolmasov 2010 ). Hence we pay especial attention to comparison between these two objects. Similar modeling for V532 will be published in a separate paper (Maryeva & Abolmasov 2011) . This paper is organized as follows. The observational data and data reduction process are described in the next section. We characterise and classify the observed spectrum in Section 3. In Section 4 we describe the basic properties of the CMFGEN code and its main assumptions, while in Section 5 we present and analyse the modeling results. In Section 6 we discuss the results. Finally, in Section 7 we summarize the main points of our work.
OBSERVATIONS AND DATA REDUCTION
In this work, we use a spectrum of FSZ35 obtained at the 6m Special Astrophysical Observatory (SAO) telescope 2 . Two exposures, 1200s and 900s in length, were obtained with the SCORPIO multi-mode focal reducer (Afanasiev & Moiseev 2005) in the long-slit mode on October 4, 2007. VPHG1200 G grism was used providing the spectral range of 3950-5500Å. The data were reduced using the ScoRe package for long-slit data reduction, written in IDL especially for SCORPIO long-slit data reduction. This package consists of procedures created by V.Afanasiev, A.Moiseev, P.Abolmasov and O.Maryeva. Package includes all the standard stages of long-slit data reduction process. The final spectrum has spectral resolution ∼ 5.5Å (weakly dependent on wavelength) and signal-to-noise ratio per resolution element in continuum ∼ 20.
Besides the spectrum of FSZ35, in this work we use a spectrum of Romano's star obtained at the 6m SAO telescope practically at the same time with the same grating under similar conditions. Details about the spectral data on V532 and data reduction may be found in our recent paper Maryeva & Abolmasov (2010) . Basic information about the observational data on both objects is summarized in Table 1 . Figure 1 shows the spectra of V532 and FSZ35 obtained under similar conditions. The spectral appearance of FSZ35 shows strong similarities with V532. The spectrum of FSZ35 is as rich as the spectrum of V532 in emission lines, but the presence of nebular lines is questionable (see below Section 6) and hydrogen lines are fainter. Table 2 presents the lines detected in the spectrum of FSZ35. Lines of helium and hydrogen in the spectrum of FSZ35 are much broader in comparison with the these lines in the spectrum of V532. For example, FWHM (Full Width at Half Maximum) of Hβ is 12.0±0.2 and 5.5±0.1Å for FSZ35 and V532, respectively. For He Iλ4921, FWHM are 9.5 ± 0.2 and 4.4 ± 0.1Å.
SPECTRAL CLASSIFICATION
Using nitrogen and He II lines, we classified V532 in October 2007 as a WN8 star using the classification of Smith, Crowther & Prinja (1994) for WN6-11 stars. Locations of V532 on the diagrams "equivalent width of He I λ5876 versus He II λ4686" and "equivalent width of He II λ4686 versus FWHM of this line" are consistent with the WN8 subtype (Maryeva & Abolmasov 2010; Polcaro et al. 2010) .
Similar consideration allows to classify FSZ35 as a WN8 as well. Besides this, the N IVλ4057 line clearly seen in our spectrum is never present in WN9 spectra, thus excluding FSZ35 identification as a later-subclass object. Unfortunately, our data cover only a limited spectral range from 3900 to 5500Å. Therefore we can not use the He I λ5876 line for spectral classification.
We used a quantitative chemistry-independent criterion based on the FWHM of the He II λ4686 line for alternative spectral classification (see, for example, Smith et al. (1995) ). Equivalent width (EW) of the He II λ4686 line in the spectrum of FSZ35 is 20Å. FWHM of this line is 10.5 ± 0.5Å. In Fig. 2 , we show the location of V532 and FSZ35 on the diagram of the EW of He II λ4686 versus the FWHM of this line. Position of the object in this diagram is consistent with our identification of FSZ35 as a WN8 star. We confirm the spectral classification of the object as a WN8 star. This our result also suggests the object is much less variable than V532 that spans a broad range of effective temperatures and luminosities and becomes a late WN star only in deep minima. FSZ35 is thus closer to "quiet" WN stars.
MODELING
For our analysis we used the non-LTE radiative transfer code CMFGEN (Hillier & Miller 1998) . CMFGEN solves radiative transfer equation for objects with spherically-symmetric extended outflows using either the Sobolev approximation or the full comoving-frame solution of the radiative transfer equation. To facilitate simultaneous solution of the transfer equation and statistical equilibrium equations, partial linearization method is used. To facilitate the inclusion of metal line blanketing in CMFGEN, superlevel approach (Anderson 1989 (Anderson , 1991 ) is used. In this formalism, levels with similar properties are treated as one and have identical departure coefficients. This allows to save considerable amount of computer memory and time. Recent versions of the code incorporate also the effect of level dissolution, influence of resonances on the photoionization cross section, and the effect of Auger ionization.
Clumping is incorporated into CMFGEN using volume filling factor approach (Hillier & Miller 1999) . Filling factor is allowed to depend on radius. By default, the wind is considered homogeneous at the hydrostatic radius and becomes more and more clumped with the wind velocity. Clumping tends to reduce the derived mass-loss rates by a factor of ∼ 3 − 5 (Marcolino et al. 2007 ). Unclumped mass loss rate (i. e. calculated not taking clumping into account) is related to the volume filling factor f by relationṀ uncl =Ṁ cl / √ f (see for example Herald et al. (2001) ). Every model is defined by a hydrostatic stellar radius R * , luminosity L * , mass-loss rateṀ cl , filling factor f , wind terminal velocity v∞, stellar mass M , and by the abundances Zi of included elementary species. We assumed a constant turbulent velocity of 20 km/s. Its variations do not affect the resulting spectrum much save for the equivalent width of HeIλ4686 that becomes slightly brighter in more turbulent atmospheres.
MODELING RESULTS
Using the model of Romano's star calculated by Maryeva & Abolmasov (2011) as the seed model we adjusted its parameters to reproduce the observed spectrum of FSZ35. As for V532, H, He, C, N, Si, Fe, O, Ne, Mg, S, Ar, Ca, and Na were included in calculations. We considered only sub-solar iron abundances (between 0.2 and 0.5 solar). Hydrogen lines in the spectrum of FSZ35 are weaker than in the spectrum of V532, suggesting lower H/He values of ∼ 0.6 ÷ 0.8 (by number), unlike V532 where hydrogen abundance is estimated as H/He≃1.3.
We increased the effective temperature of the model in order to reproduce the N IVλ4057 emission present in the spectrum, and then varied the luminosity at a constant effective temperature level to fit the observed V-band luminosity. V = 18 m . 7 is reported by (Massey & Johnson 1998) , in consistence with the observed spectrum slightly hotter than that of V532 in deep minimum. In our calculations we supposed that distance toward M33 is D = 847±60 kpc and the distance modulus is (m − M ) = 24.64 ± 0.15 m (Galleti et al. 2004 ). We neglected intrinsic extinction of M33, since the object is distant from center of the galaxy. Extinction in the Galaxy is estimated as E (B − V ) = 0 m . 029 (corresponding to Av = 0 m . 1 for RV = 3.1) by the NED extinction calculator (Schlegel et al. 1998) .
At the next step, we change the mass loss rate and terminal velocity v∞. Lower resolution and spectral range do not allow to make reliable estimates of the terminal wind velocity, as we did for V532 in Maryeva & Abolmasov (2010) . Terminal velocity given in Table 3 was found by fitting the observed line profiles. The filling factor was set to f = 0.1 for all the models. At the last step of the modeling process, we adjust the nitrogen abundance.
In Figure 3 we present the spectrum of FSZ35 and our model. We succeed in achieving good agreement with the observational equivalent widths and profiles of hydrogen lines and singlet lines of neutral helium as well as the line He Iλ4713.
In the best-fit model, H/He ratio is 0.8 and, consequently, mass fraction of hydrogen is ≃0.17. FSZ35 conforms to the definition of H-rich WN stars (Nugis & Lamers 2000) , that must have hydrogen mass fraction > 0.05. The mass loss rate isṀ cl = 2.6 · 10 −5 M⊙/year andṀ uncl = 8.22 · 10 −5 M⊙/year. The mass loss rate is given in Table 3 together with other wind and stellar parameters. For comparison, the values of these parameters for some other WN stars taken from the literature are given in the table. Note that the parameters of WR116 and WR89 were calculated using PoWR code (Hamann & Gräfener 2003) while the pa- rameters of the other stars using CMFGEN. Table 3 shows that the parameters of FSZ35 are similar to these for some other WN8 stars given in the table, irrespective of a code which was used the estimate the parameters. In our calculations we neglected intrinsic extinction in M33. If extinction near FSZ35 is Av = 0 m . 1, luminosity increases by about 10% and becomes L * = 6.3 · 10 5 L⊙. FSZ35 differs from V532 in the values of mass loss rate (mass-loss rate of V532 isṀ = 1.6 · 10 −5 M⊙/year). This difference is quite normal, because mass-loss rate increases with luminosity and with helium abundance (Nugis & Lamers 2000) . Moreover the nitrogen abundance N/He is 10 −3 (∼ 2.7 solar) unlike V532, where N/He is 3.0 × 10 −3 (∼ 7.1 solar).
DISCUSSION

Nebular Contribution
Although the spectra of V532 and FSZ35 are very similar, a close look at the subtle differences can be illuminating. Using the best-fit CMFGEN model spectrum as input, we run a set of Cloudy (Ferland et al. 1988 ) version 08.00 photoionization models. We restrict the size of the putative nebula around FSZ35 with the outer radius of 0.5 pc (there are no indications for resolved diffuse nebular emission around the star) and fix the inner radius to 0.1 pc. Metallicity pattern H II region was used with the metallicity decreased by a factor of 2. We do not change nitrogen and helium abundances in the nebula because they can be less affected by chemical evolution of the star and represent rather the chemical composition of its early hydrogen-rich ejecta.
The only varied parameter was hydrogen density. For several values of this parameter, we calculate the luminosities of several nebular lines and give them in figure 4. For comparison, the observational estimate for the luminosity in [O III]λ5007 is given. Evidently, the observed value is in good agreement with the predicted nebular luminosity for hydrogen density nH ∼ 300cm −3 . Note however that oxygen abundance may be lower in the ejecta consisting the nebula (see below). If oxygen is under-abundant by a factor of several, the observed flux is consistent with nH ∼ 10 3 cm −3 .
We also expect emission lines of [S II] and [N II] in the red spectral range to be much fainter. However, they may be stronger if the matter in the nebula is denser and chemically evolved, or shock excitation also contributes to the emission of the nebula. Relying on the similarity of the central stars, one may propose that the nebula is similar to M1-67 observed around WR124 (Crowther et al. 1999 Another effect making the putative Wolf-Rayet nebula of FSZ35 hard to detect with the data on hand may be oxygen under-abundance (by a factor of 5÷10) reported for M1-67 and other Wolf-Rayet nebulae and related objects (see Esteban et al. (1991) and references therein). Oxygen deficit is a predicted by-product of the CNO cycle and should have (as well as carbon and neon deficits) an amplitude similar to that of nitrogen over-abundance.
Lack of variability
The spectrum analysed in this work is identical within one spectral sub-class to the spectrum published by Massey & Johnson (1998) . We also classify FSZ35 as WN8. Unlike V532, FSZ35 does not demonstrate any prominent spectral variability.
It is also fairly stable photometrically. V-band magnitude of the object was 18 
FSZ35 as a massive runaway
FSZ35 is located at the distance of about 35 ′′ (∼ 115 pc) from the association OB 128. Suppose that once FSZ35 was a member of the association and was ejected via slingshottype dynamical interaction. If its peculiar velocity is ∼ 100km s −1 , as for WR124 (Sirianni et al. 1998; Marchenko et al. 2010) , it could have been expelled from the parent cluster about a million years ago.
Offset positions with respect to the probable parent associations (at distances ∼ 100pc) and unexpectedly large peculiar velocities (of the order ∼ 100km s −1 ) seem to be common for very luminous and massive stars like V532, FSZ35 and Galactic late WN stars like WR20a and WR124. A scenario was proposed by Gvaramazde & Gualandris (2011) that applies three-body dynamical interaction in the cores of young massive clusters and star-forming regions (similar to 30 Doradus) to reproduce the observed population of massive runaways. This scenario has the disadvantage of relying heavily on the formation of massive stars in the cores of massive young clusters that are, in contrast with LMC, absent in M33, where massive stars are rather formed in dispersed stellar associations.
Instead we would rather propose that very massive stars are formed in dense groups containing several stars each. This is confirmed, for example, by the multiplicity increasing with stellar mass (Zinnecker & Yorke 2007) both in young star clusters and associations. It is reasonable that higher fraction of massive binaries will be accompanied by a higher fraction of massive multiple systems. When formed, such systems are often unstable (Kiseleva et al. 1998 ) and dynamic interaction between its components should both produce a larger fraction of runaways at these masses (∼ 100M⊙) and a larger fraction of binaries. The characteristic peculiar velocities (∼ 100km s −1 ) of these "childhood runaways" may be reproduced if the initial spatial sizes of the systems are 10 14 cm.
CONCLUSIONS
We analyse the optical spectrum of the little-studied WNL star FSZ35 in M33. About 40 spectral lines in the 4000 ÷ 5500Å wavelength range are identified. We classify FSZ35 as a WN8 star, confirming the result of Massey & Johnson (1998) and put upper limits for the spectral and photometrical variability of this object. Using non-LTE code CMFGEN we estimate the parameters of FSZ35 (bolometric luminosity, stellar radius, mass loss rate, wind velocity, elementary abundances) and compare them to the corresponding parameters of other WN8 stars including the LBV star V532 during the minimum of brightness. FSZ35 is a H-rich WN8 star where the mass fraction of hydrogen is 17% (H/He=0.8). The best-fit parameters of the model are: luminosity L = 5.3 · 10 5 L⊙, mass loss rate 2.1 · 10 −5 M⊙/year, nitrogen abundance N/He =13.5(N/He)⊙, effective temperature at hydrostatic radius T * = 36 470K (R * = 18R⊙) and at the Rosseland photosphere T tau=2/3 = 35 160K. Derived parameters of FSZ35 atmosphere correspond to a typical WN8 star.
We find that FSZ35 has a surrounding nebula, possibly of low excitation and deficient in oxygen, that decreases its detectability.
Position of FSZ35 at the outskirts of association 128 OB suggests that it was expelled from this association about a million years ago at a velocity of ∼ 100km s −1 .
